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S U M M A R Y
Background: Escherichia coli is the predominant pathogen causing urinary tract infection (UTI), the most
common bacterial infectious disease encountered in clinical practice, accounting for signiﬁcant
morbidity and high medical costs. The severity of UTI produced by E. coli is due to the expression of a
wide spectrum of virulence factors. In this study we evaluated the role of E. coli virulence determinants in
the pathogenesis of UTI.
Methods: A total of 90 uropathogenic E. coli strains were screened by PCR for the prevalence of seven
virulence genes encoding type 1 ﬁmbriae (ﬁmH), pili associated with pyelonephritis (pap), S and F1C
ﬁmbriae (sfa and foc), aﬁmbrial adhesins (afa), cytotoxic necrotizing factor (cnf), hemolysin (hly), and
aerobactin (aer).
Results: The prevalence of genes coding for ﬁmbrial adhesive systems was 68% for ﬁmH, 41% for pap, and
34% for sfa/foc. The operons coding for afa aﬁmbrial adhesins were identiﬁed in 20% of strains. The hly and
cnf genes coding for toxins were ampliﬁed in 19% and 3% of strains, respectively. A prevalence of 52% was
found for the aer gene. The various combinations of detected genes were designated as virulence
patterns. The strains isolated from hospitalized patients displayed a great diversity of gene associations
compared to those isolated from ambulatory patients.
Conclusions: Our study showed that investigation of the bacterial pathogenicity associated with UTI may
contribute to a better medical intervention.
 2013 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Urinary tract infection (UTI) is among the most common
bacterial infectious diseases encountered at all ages. Escherichia
coli is being the etiologic agent in 50–80%. Therefore, it is an
important public health problem.1–3 Many virulence factors
contribute to the pathogenicity of these E. coli strains, which are
termed uropathogenic E. coli (UPEC).4 The urine represents the
most important barrier to microbial colonization of the urinary
tract by UPEC strains. These strains carry different virulence factors
that contribute to the development of the infectious process, such
as adhesins, toxins and siderophores. The generally accepted
hypothesis today is that UPEC evolved from non-pathogenic
strains by acquiring new virulence factors from accessory DNA
horizontal transfer located at the chromosomal or plasmid level.5
Progress in molecular technology has facilitated studies on
UPEC.6,7 The aim of this study was to evaluate the prevalence of
different operons coding for virulence factors among E. coli strains* Corresponding author. Tel.: +216 73219504; fax: +216 73219504.
E-mail address: aferjeni@rns.tn (A. Ferjani).
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http://dx.doi.org/10.1016/j.ijid.2013.01.025isolated from the urine of patients with UTI, and to look at the
correlation between the genetic virulence traits and the type of
UTI.
2. Materials and methods
2.1. Bacterial strains and subjects
Ninety non-duplicate E. coli strains were isolated from patients
with UTI over a period ranging from November 2008 to February
2009. The male to female ratio of these non-selected patients was
0.4, and the average age was 49 years; there were 13 children aged
between 2 months and 3 years. Thirty of the subjects were
hospitalized and 60 were ambulatory patients.
The diagnosis of acute pyelonephritis and cystitis was based on
the cytobacteriologic examination of urine and clinical investiga-
tion. UTI was deﬁned as the presence of a positive urine culture
(105 colony-forming units (cfu)/ml) and pyuria (104 leukocytes/
ml of clean voided urine).
E. coli strains were classiﬁed into two groups: (1) strains
associated with acute pyelonephritis (n = 18), and (2) strains
associated with cystitis (n = 72). The isolation and identiﬁcation ofses. Published by Elsevier Ltd. All rights reserved.
Table 1
Primers for the PCR assays
Virulence factor Target gene(s) Name Primer sequence (50–30) Size of
amplicon (bp)
Annealing
temperature (8C)
Ref.
Type 1 ﬁmbriae ﬁmH ﬁmH-f
ﬁmH-r
AACAgCgATgATTTCCAgTTTgTgTg
ATTgCgTACCAgCATTAgCAATgTCC
465 65 6
P ﬁmbriae papC pap1
pap2
gACggCTgTACTgCAgggTgTggCg
ATATCCTTTCTgCAgggATgCAATA
328 65 12
S and FIC ﬁmbriae sfa/focDEh region Sfa1
Sfa2
CTCCggAgAACTgggTgCATCTTAC
CggAggAgTAATTACAAACCTggCA
410 65 12
Afa adhesins afaCc afa-f
afa-r
CggCTTTTCTgCTgAACTggCAggC
CCgTCAgCCCCCACggCAgACC
672 65 12
Hemolysin hlyCA region hly s
hly as
AgATTCTTgggCATgTATCCT
TTgCTTTgCAgACTgTAgTgT
556 65 13
Cytotoxic necrotizing factor cnf cnf s
cnf as
TTATATAgTCgTCAAgATggA
CACTAAgCTTTACAATATTgA
693 58 14
Aerobactin iucC aer s
aer as
AAACCTggCTTACgCAACTgT
ACCCgTCTgCAAATCATggAT
269 60 13
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biochemical tests6 using an API 20E instrument (bioMe´rieux,
France).
2.2. Bacterial culture and DNA extraction
DNA extraction was performed using an optimized heat shock
method. E. coli strains were grown in brain–heart infusion (BHI)
broth at 37 8C overnight. Bacteria were pelleted from 1.5 ml BHI
broth and suspended in 200 ml of sterile distilled water, then
incubated at 100 8C for 10 min and centrifuged. One hundred and
ﬁfty microliters of the supernatant was stored at 20 8C as a
template DNA stock.
2.3. PCR ampliﬁcation
Speciﬁc primers were used to amplify sequences of the ﬁm, pap,
sfa/foc, afa, hly, cnf, and aer operons. Details of primer sequences,
predicted sizes of the ampliﬁed products, and speciﬁc annealing
temperatures are shown in Table 1. Detection of pap, sfa/foc, and
afa sequences was done by multiplex PCR.8 Ampliﬁcation of
bacterial DNA was done in a total volume of 50 ml containing 10 ml
of DNA, 30 pmol of each of the primers, 200 mM of dNTP, and 1.25
U Taq DNA polymerase (Promega) in 1X PCR buffer containing
1.5 mM MgCl2.
The ampliﬁcation was carried out in a Perkin Elmer Thermal
Cycler model 2400. Conditions consisted of an initial denaturation
at 94 8C for 10 min, followed by 35 cycles of denaturation at 94 8C
for 2 min, annealing at a speciﬁc temperature for 30 s (Table 1), and
extension at 72 8C for 1 min. A 10-ml aliquot of the PCR product
underwent gel electrophoresis on 2% agarose, followed by staining
with ethidium bromide solution. Ampliﬁed DNA fragments of
speciﬁc sizes were detected by UV-induced ﬂuorescence, and the
size of the amplicons was estimated by comparing them with the
1 kb DNA ladder (Promega) included on the same gel.Table 2
Prevalence of the virulence genes in hospitalized and ambulatory patients
Operon
of gene
No. of positive
strains in
hospitalized
patients
No. of positive
strains in
ambulatory
patients
Total No. (%)
of positive
strains
ﬁmH 25 (83%) 36 (60%) 61 (68%)
aer 24 (80%) 23 (38%) 47 (52%)
pap 20 (67%) 17 (28%) 37 (41%)
sfa/foc 17 (57%) 14 (23%) 31 (34%)
afa 6 (20%) 12 (20%) 18 (20%)
hly 9 (30%) 8 (13%) 17 (19%)
cnf 1 (3%) 2 (3%) 3 (3%)Strain J964,7 was taken as positive control for pap, sfa/foc, hly,
cnf, and ﬁmH sequences and the strain A309 was used as positive
control for afa. The positive control for aer PCR was HB101.10
2.4. Statistical analysis
Data were analyzed using the Chi-square test.
3. Results
The frequencies of the studied virulence genes are reported in
Table 2. With regard to adhesin virulence determinants, the ﬁmH
gene was the most common virulence gene and was detected in
68% (61/90) of the UTI isolates. The pap gene was present in 41%
(37/90) of isolates and the sfa gene in 34% of isolates. The afa gene
was shown in 20% of isolates. Among the genes coding for toxin, hly
was found in 19%, while cnf was present in only 3% of isolates. Eight
strains were negative for all the virulence genes.
The majority of virulence genes were detected in different
proportions in the hospitalized patients and outpatients (Table 2).
The afa and cnf genes were detected in the same proportions. With
the exception of these genes, the other virulence genes were
detected essentially in the urine of inpatients, with a signiﬁcantly
different prevalence (p  0.05). The operon gene aer and the pap
gene were present in 80% and 67%, respectively, of strains isolated
from inpatients, and in 38% and 28%, respectively, of strains
collected from outpatients (Table 2).
The pap, sfa, aer, and hly genes were detected essentially in
pyelonephritis strains, with signiﬁcantly different prevalences
(Table 3).
Based on the distribution of the various targeted sequences, all
the studied strains exhibited 23 virulence gene patterns, referred
to as Ec (Table 4). Ec3 was characterized by the presence of the aer
gene only, and was the most noted pattern, found in 11 isolates.
Eight isolates harbored ﬁmH only. However, among 14 isolates thatTable 3
Prevalence of virulence genes in pyelonephritis and cystitis
Operon gene Pyelonephritis
strains, n = 18 (%)
Cystitis strains,
n = 72 (%)
ﬁmH 16 (88) 45 (62)
aer 14 (77) 33 (45)
pap 11 (61) 26 (36)
sfa/foc 10 (55) 21 (29)
hly 7 (38) 11 (15)
afa 3 (16) 14 (19)
cnf 0 (0) 3 (4)
Table 4
Virulence patterns identiﬁed among the studied strains
Pattern Virulence operon or gene No. of strains
ﬁmH pap sfa afa hly cnf aer
Ec1        8
Ec2 +       8
Ec3       + 11
Ec4 +      + 5
Ec5 +   +    7
Ec6 + +      7
Ec7 +  +     1
Ec8     +  + 2
Ec9 +   +   + 3
Ec10 + +     + 3
Ec11  + +    + 2
Ec12 +  + +    5
Ec13 + +  +    2
Ec14  + +  +  + 3
Ec15 + +  +   + 1
Ec16  + +     3
Ec17 + +   +  + 2
Ec18 + + +  +  + 5
Ec19 +  +  +  + 1
Ec20 +  +  + + + 1
Ec21 + + +  + + + 2
Ec22 + + +    + 7
Ec23 +  +  +   1
M. Tarchouna et al. / International Journal of Infectious Diseases 17 (2013) e450–e453e452were ﬁmH-positive, seven harbored the aer gene and the other
seven had the afa gene.
The Ec4 and Ec20 pattern genes were detected only in
pyelonephritis E. coli strains (Figure 1).
4. Discussion
E. coli causes the vast majority of UTI in both ambulatory and
hospitalized patients.11 These infections can vary from a simple
cystitis to a serious parenchymatous attack. The degree of severity
depends on the virulence of the responsible strains and on the
susceptibility of the host, particularly if there is a concomitant
urological illness.12 A better knowledge of the virulence char-
acteristics of the microorganism causing the infection will allow
the clinician to anticipate, up to a point, the evolution of infection
in the host organism. To the best of our knowledge, our study is the
ﬁrst to demonstrate associations between E. coli virulence genes
and UTI.
Several virulence determinants contribute to the pathogenicity
of E. coli in UTI. They are the product of different genes, which can
be detected by PCR method.8,13,14 However, there is always the
possibility of mutation at the level of the corresponding gene,
leading to the absence of its detection. Therefore, a positive PCR
shows the presence of the virulence gene, but a negative PCR does
not point to the absence of the corresponding operon. However,
this phenomenon remains scarce.
Genes coding for ﬁmbrial adhesive systems represent the
most common factors for the virulence of E. coli in UTI. The
distribution of these genes in our strains is in agreement with
other published data.4,13,15 Our results show a higher frequency
of ﬁmH compared with the rest of the genes, which may indicate
a crucial role of the virulence genes in E. coli causing UTI.
Regarding P ﬁmbriae, our results are in agreement with those of
many studies, indicating that among patients with acute
pyelonephritis and cystitis, approximately 80% and 30%, respec-
tively, possess P ﬁmbriae.4,16 Moreover, an important role of pap
adhesion genes in the pathophysiology of pyelonephritis caused
by E. coli has been reported in several studies.17,18 Nevertheless,
the frequency of papC in cystitis strains is in accordance with
previously reported data.4 The distribution of the F1c or S
ﬁmbriae encoding operons found among the studied strains was
also similar to previous data.13 Despite the growing importance
attributed to the afa aﬁmbrial adhesins in the development of
chronic interstitial nephritis some studies reported a smallPyelo nephritis
Ec4 Ec20
Ec11
Ec2 Ec7 Ec8
Ec9 Ec10 Ec
Ec13 Ec17 E
Ec21 Ec22 E
Ec2  Ec3 Ec
Ec5  Ec6  Ec
Ec17
Figure 1. Distribution of virulence gene patterns in relatiopercentage of afa PCR-positive strains in cases of chronic
pyelonephritis.19
The prevalence of hly and cnf operons encoding two toxins
implicated in tissue damage and dysfunction of local immune
responses1,4 and the prevalence of aerobactin operon aer, which
confers the ability to acquire iron, among our collection of clinical
isolates ﬁt with those found by other investigators,14which confers
the ability to acquire iron, were found in smaller proportions
among our strains than in other studies.4,19 This is most probably
because the majority of our strains did not cause parenchymatous
infections. E. coli strains isolated from hospitalized patients
exhibited a greater number of virulence genes and seemed to be
more aggressive than strains from ambulatory patients. Our
observation is in agreement with the reported data.4
In our study, the analysis of the urovirulence gene distribution
in E. coli did not allow the determination of a clear correlation
between a determined gene and the complexity of the UTI. Some
studies have been able to establish a correlation between theCystitis 
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nship with different types of urinary tract infection.
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by different models of gene association.13 This observation may
point to the concordance of the severity of the symptoms with the
number of virulence genes. The maximum number of detected
amplicons in one strain was six of the virulence gene regions
targeted.
Ec4 and Ec20 patterns were found to be associated with
parenchymatous attack. These results are in contrast to those
reported by Codruta-Romanita and collaborators.13 They reported
that Ec4 and Ec20 were associated with pyelonephritis and cystitis
or cystitis only.
In conclusion, our study showed that: (1) a low number of E. coli
virulence genes is responsible for parenchymatous urinary attacks,
(2) the characterization of E. coli strains isolated from UTI is of great
interest to improve our knowledge regarding their virulence
genetic determinants, (3) further studies are needed to identify E.
coli virulence factors responsible for UTI and to determine the
physiopathology of these infections to consider possible preven-
tion measures and means.
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